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SEVERAL PROBLEMS IN THE DESIGN OF ENVIRONMENTAL WIND TUNNELS*
Fu Zhifu

Environmental Group, Department of Mechanics
BelJing University

I. INTRODUCTION

For many years, the research and development of new aircraft has
been the main promotional force in the development history of wind
tunnels. People already overcame the sound barrier in the 40's and
the heat barrier in the 50's. Furthermore, we are satisfactorily
solving the problems of re-entry into the atmosphere of manned space-
craft. Desplte these advances, there are still many problems in the
subsonlc region to be resolved urgently by workers in aerodynamics.

Since the late 50's and early 60's, problems such as the simula-
tion of atmospheric motlon, the study of turbulence diffusion and the
wind load and wind flutter of high rise bulldings and structures have
presented new requirements for the development of low veloclity wind
tunnel techniques. Between 1945-1955, Michigan University in the U.S.
modified the length of a low velocity wind tunnel with an experimental
cross-section of 2.4m x 1.5 m, from 4.6 to 10.7 m to adapt to non-
aeronautical applications. At Colorado State University in the U.S.,
Cermak,et al began the development of a mlcrometeorological wind tunnel
in 1958. 1In the experimental section of their wind tunnel, there is a
base plate which can be heated or cooled. In the return flow section,
there 1s a snake shaped tube for heating or cooling the ambient temper-
ature. The sectional area in the test section is 1.8x x 1.8 and the
length is 30 m. The top plate in the test section is adjustable. Its
wind velocity 1s appromately 0.1 m/s-37 m/s. It can naturally form
an atmospheric boundary layer 1m thick. It 1is also capable of simulat-
ing the temperature layer structure in varlous states. The Marsellle
Turbulence Statistical Research Institute in France built a wind water
channel in 1970. The length of the test section is 40 m.. The cross-
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sectional dimensions are 3.2 m x 1.45 m. The wind velocity is 0.5 m/s
to 14 m/s. The flow velocity of the water channel is 0.01 m/s - 0.1
m/s. The water channel is 2.6 m wide and 0.75 m in depth. 1In this
wind water channel, it 1is possilble to simulate the turbulence bound-
ary layer. It 1s also possible to control the velocity, temperature
and humidity of the gas. Furthermore, 1t 1is possible to control the
velocity, temperature and chemical composition of the water. In the
middle 70's in England, Oxford University was constructing a new
environmental wind tunnel. Its experimental cross-section is 4 m x 2 m.
In Japan, many environmental wind tunnels were bullt since the 70's.

The newly constructed wind tunnel by the Japanese Pollutlon Research
Institute, with an experimental cross-section of 3 m x 2 m and a length
of 24 m, is a typical one. This 1s an environmental wind tunnel with
more or less the complete features required. In summary, the develop-
ment of environmental wind tunnels 1s still in progress internationally.
The experimental techniques are also revised and gradually perfected
day by day.

II. THE CHARACTERISTICS OF AN ENVIRONMENTAL WIND TUNNEL

A low veloclty wind tunnel for aeronautical application usually
requires low turbulence, i.e., §60.1%, . Therefore, the contraction
ratio is frequently above 6:1. The flow in the test section is a
steady uniform flow. The test section may be very short. It is approx-
imately 1.5-2.5 times the larger dimension in the cross-section. For
certain speclal tests such as the drop test, of course, a longer exper-
imental section 1s needed.

However, the problem to be studied by us here 1s the simulation
of the environmental fluild dynamics problem in the atmospheric bound-
ary layer. It can be imagined that the flow conditions to be simulated
in an environmental wind tunnel are far more complicated than that of
an aeronautical wind tunnel where only a uniform flow is required. A
comparatively complete atmospheric simulation device should be capable
of simulating the following aspects, 1l.e., the atmospheric turbulence
structure, the varilous veloclty sections under different geomorpholo-
gical conditions, the temperature gradlents under various stable
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| conditions, the alr humidity with a certain range, the interaction
between the water-gas interface, and the varilation of wind direction
with altitude.

Most environmental wind tunnels can only simulate the contents
of the first four items. For example, the micro-meteorologlical wind
tunnel at Colorado State University in the U.S. can be considered as
a wind tunnel with comparatively complete features. However, it 1s
only capable of completing the simulation of the first four items.
The wind water channel at the Turbulence Statistic Research Institute
in Marseille, France, can simulate the first five items. As for the
simulation of wind direction variation with altitude, usually, in the
surface layer (below 100 m) near the ground and for a short distance
(within 5 km) the effect of Kerr's force can be neglected. Of course,
this effect can be corrected using a numerical method. However, the
wind tunnel equipment i1tself cannot simulate the variation of wind
direction with altitude at the present time. Currently, when it is

required to study the turbulence diffusion law of a large geomorpholo-
gical region at a high altitude from ground (above 100 m), then it is
necessary to use a rotary device to complement the simulation experi-

ment. This type of rotary was designed for the purpose of studying the
unstable Ekmand boundary layer.

An environmental wind tunnel usually requires a turbulent factor

of e~1% . From the point of view of the contraction ratio of the 20
wind tunnel, it 1s seldom more than 6:1. Of course, it would be better H

if the conditlons allow for the wind tunnel to be designed to reach

low turbulence (<0.1%). 1In the simulated experimental process, 1t is
also possible to artificially change the turbulence. This approach is
more active. However, 1t 1s not easy to realize structurally, espe-
cially in a large wind tunnel.

With regard to the simulation of veloclty section 1n an environ-
mental wind tunnel, the most effective way 1s to use a long test sec-
tion. Taking the micro-meteorological wind tunnel at Colorado State
University and the wind tunnel with a test section of 2.4 m x (1.8~
2.4)m x 30 m at West Ontario University in Canada as examples, the
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test section 1s about 30 m long. J. E. Cermak and A. G. Davenport
both believed that for the balanced development of the velocity sec-
tion and temperature section turbulence characteristics, it must rely
on the natural lengthening of the boundary layer. This must require

a long test section. The external boundary layer is completely devel-
oped at about 10 m from 'the inlet of the test section. The vertical
cross-section of its average veloclty, turbulence strength and Reynolds
shearing stress begin to be similar to the natural conditions. Fur-
ther downstream, along with the thickening of the boundary layer, the
velocity section shows a similar distribution in proportion.
Approximately after 24 m, the thickness of the naturally formed atmos-
pheric boundary layer can reach about 1 m. Generally speaking, as
long as the coarse elements are matched properly, then the naturally
formed boundary layer turbulent structure agrees with the natural
conditions.

Another way to simulate the veloclty section in the atmospheric
boundary layer is artificial formation. Thils involves the use of an
artificial method to accomplish it 1n a comparatively shorter test
section (the length at least .cannot be less than 6 times the smallest
dimension in the cross-section). Strom at New York University believed
that 1n a short test sectlon if measures are taken to increase the
resistance by layer at the 1nlet and outlet, it may be possible to
form the required veloclty section. Of course, in the turbulence
structure aspect, 1t 1s also possible to use a trial composition method
to make 1t agree wlth or apprxoimately similar to the natural condi-
tions. There are many ways to artificially form the atmospheric
boundary layer. They are discussed separately as follows:

1. Cascade and gradient cascade. By placing c¢ylindrical rods
parallell from the base plate to the top plate across the inlet of
the test sectlion, the resistance between layers 1s made different by

the dense to loose spacing between the rods to promote the formation
of a velocity section with a gradient.

2. Curved mesh. A curved mesh 1s secured on the bottom plate
at the inlet of the test section to vary the resistance of the flow
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at various layers. When the gas flow passes through the mesh and the

coarse element, a velocity section with a gradient 1s generated.

3. A whirlpool generator. An artiflcially thickened boundary
layer 1s obtained by using a 1/4 elliptical plate (or a sharp tower),

a wall type barrler plate and a coarse element. By using thls method,
an atmospheric boundary layer thickness equivalent to the helght of
the 1/4 elliptical plate can be obtalned at a distance approximately
three to four times the bheight downstream from the plate.

4, A perforated plate velocity vehicle. The lateral adjustment

of the apen and shut ratio of uniformly perforated plates at various
layers 1s used to create a varying resistance between layers to cause
the formation of various velocity sections. In th 3 m x 24 m wind
tunnel at the Japanese Pollution Research Institute, this device is
used together with a manual welght adjustment fish scale plate coarse

element to form the mechanism for the formation of the artificial bound-

ary layer. Because thls method involves the adjustment of the open to
shut ratios of the plate at various layers to obtain the various velo-
clty sections correspondingly, it 1s very flexible and dynamic. How-
ever, thls uniformly layered method most frequently cannot provide the
satisfactory velocity gradient in the lower part of the velocity sec-
tion. This may be due to the fact that, near the bottom plate, the
veloclty variation 1s very large corresponding to a slight variation
in height. With regard to this point, it is necessary to fine tune
the velocity section near the bottom plate 1n order to make it agree
better with the actual situation. This can be accomplished by added
varlous coarse elements at the layer plates near the bottom plate for
adjustment. It 1s also possible to divide the layers more densely
near the bottom plate. It can be made less dense from the bottom up
so that the turbulent dimension and strength can be controlled.

5. The injection technique. This 1s a method to increase the

thickness of the boundary layer by injecting air from the base plate
upward through many slender holes in front of the inlet of the test
Section. When the injection velocity is sufficient, the boundary
layer can be thickened by 3-4 times as compared to the natural growth




condition. If varlous coarse elements are matched, then not only the
boundary layer thilckness willl be increased but also the turbulent
strength will be intensified. Equilibrium can be reached at a very
short dilstance away from the injection area. Another method 1s the -
reverse Injection technique. This 1is to place a tube at the inlet of
the exerimental section. The tube was punched to form many holes (in

a row). A fine tuned regulating valve is used to control the injection
veloclity of the gas flow. The injection direction may be vertically
upward. It may also be inclined forward or backward ("20°<0<20°) . 21
Different resistances can be created between the vertlcal layers based
on the strength of the injected gas flow. If thls method can be
matched properly with various coarse elements, 1t 1s possible to form
the velocity sections and turbulent structures which agree with the
natural situations. This is a comparatively hopeful artificial bound-
ary layer function method which has been developed in recent years.

With regard to the problem of temperature boundary layer forma-
tion, it 1s similarly divided into two types, i.e., the natural temper-
ature boundary layer formation method and the artificlal temperature
boundary layer formation method. As for the naturally formed tempera-
ture boundary layer, such as the one in the micro-meteorological wind
tunnel at Colorado State University, a snake-shaped tube heat exchange
is placed at the third turn of the wind tunnel to create an ambient
temperature of 5°C-95°C. A coolling and heating plate can be added to
the bottom plate at approximately 12 m downstream from the inlet of
the experimental section. Its temperature range is 5°C-200°C. 1If the
temperature layer structure of a stable state is to be simulated, the
bottom plate is cooled and the environment is heated. When the heated
ambient gas flow comes 1n contact with the cooled bottom plate, because
the top is hot and the bottom 1s cold, a gradual convectlon heat ex-
change 1s carried out. The temperature boundary layer is naturally
formed and developed. At approximately 24 m downstream from the inlet
of the experimental section, a temperature boundary layer of
more or:less the same thickness as that of the veloclty boundary layer
can be obtalned. If the temperature layer structure of an unstable
state 1s desired, then the situatlon 1s reversed. At this time, the
amblent temperature has to be cooled down and the bottom plate must be




heated. When the amblent and the base plate are neither heated nor
cocled, it 1s the neutral condition. For a wind tunnel of this type,
thermal insulation measures must be taken for the tunnel structure
itself in order to make the heat loss to be less than 5% of the total
heat. The side walls and top plate 1in the test sectlon are made of

a plywood structure. The surface is double coated with an aluminum
powder paint. However, the heating and cooling base plate 1s made of
a copper or aluminum plate in order to conduct heat quickly. The
glass windows on the sides and at the top are double-walled. 1Its pur-
pose 1s also to 1nsulate the heat. As for the artificially formed
temperature boundary layer, it 1s much simpler. For example, in the
wind tunnel at Michigan University in the U. S. (2.44 m x 1.52 m x
10.7 m), electrically heated rods are placed at the inlet of the test
section at different intervals. These electrically heated rods -
various levels are controlled by imposing different voltages to « ‘trol
the temperatures at various layers. This type of mechanlsm can ¢ -ul-
taneously form an artificial velocity boundary layer and tempera
boundary layer. Of course, in some wind tunnel experiments, the _se
plate in the test section will have to be heated or cooled, such as
the wind tunnel at New York University (2.14 m x 1.07 m x 12.2 m).

The 3 mx 2 m x 24 m circular environmental wind tunnel at the
Japanese Pollution Research Instltute has its unique characteristics
in the formation of a temperature boundary layer. In addition to the
installation of the snake-shaped tube for heating and cooling tne ambient
temperature at the third turn, the base plate is a temveratures vehiclz2
and a velocity vehicle placed at the inlet of the test section. The 3

so-called temperature vehicle is an electrically heated rod divided
into many layers which corresponds to the layering of velocity by
using the plate with holes. This kind of heating method is actually
a combination of the natural formatlion method and the artificial for-
mation method. It is malnly a naturally formed boundary layer which
i1s assisted by the artificlal temperature boundary layer methcd.

By adopting this kind of temperature adjustment, it is possible to
obtaln the varlous forms of temperature sections, including the temp-
erature inversion layer structure with a layer of "cover" on top.
With regard to the simulatlion of the temperature layer structure,




it is comparatively complete and flexlble.

The experimental study of agricultural meteorology and evapor-
ation as well as the study of the energy exchange mechanism between
the atmosphere and the ocean require the simulation of atmospheric
humidity 1in the wind tunnél. For example, the micro-meteorological
wind tunnel at Colorado State Unlversity in the U.S. 1s equipped with
a gas spraylng system in the return channel. It was iInstalled down-
stream from the heat exchanger which is in front of the third turn.
Its relative humidity can be controlled within 20-80%. In addition,
the Marsellle Turbulence Statistic Research Institute 1n France has a
wind water channel which 1s also equipped with a bumidity formation
device. The relative humidity at the inlet of the test section can
~be maintained at 60-100%. This wind water channel can be used to study
the mechanisms of mass, momentum and energy transfers between the atmos-
phere and the ocean surface on a small scale.

When the gas flows along the test section of the environmental
wind tunnel, its boundary layer gradually thickens. Consequently, the
effective area of the test section is reduced. Under low velocity
conditions, the veloclty will increase and the local static pressure
willl be reduced to produce an axial pressure gradient. In the model
testing zone, it 1s not allowed to have an axial pressure gradient.

In order to effectively elimnate the axial pressure gradient, the test
section in an ordinary aeronautical wind tunnel is comparatively short.
The wind velocity used 1n model testing 1s comparatively fizxed.

Hence, a fixed diffuslon angle of 0.5° is used to solve this problem.
For a wind tunnel with tangential angular fillings (usually it is a
short experimental section wind tunnel), the invariant static pressure
value can be obtained by replacing the fillings. However, under the
conditions of an environmental wind tunnel, because the test section

is long and the experimental wind velocity range is wider (0.1 m/s-

10 m/s or 0.1 m/s-30 m/s), it is impractical to use a fixed adjustable
angle method or a modifled tangential angular filling method. There-
fore, under most condlitions of an environmental wind tunnel, an adjust-
able top plate method 1s used to solve the problem. It 1s used to
adjust the helght of the top plate based on the wind veloclty to make




the axilal pressure gradient approach zero.

Because along the entire test section length the top plate must
be adjustable, therefore, a secondary flow will be created at the
four corners of the usual test cross-section. Consequently, the
test zone 1s effectively decreased. The way to eliminate the second-
ary flow 1s to shave the angles at the four corners of the rectangu-
lar cross-section. However, 1t 1s not easy to treat with the adjust-
able top plate structure. Therefore, 1t will have to be solved by
widening the experimental segment.

III. SEVERAL PROBLEMS TO BE AWARE OF IN THE DESIGN
OF ENVIRONMENTAL WIND TUNNELS

In the design of environmental wind tunnels, we have to consider
two questions: One is to know what kind of experiments are to be con-
ducted. The other 1s to know what kind of a wind tunnel 1is required
to carry out these experiments; which 1s to determine the cross-sec-
tional dimension and shape of the experliment segment as well as the
required wind velocity. Based on these requirements, the operating
power requlired 1s determlined and the entire design plan is also roughly
decided.

The problems we are going to discuss are limited to the environ-
mental fluid dynamiecs problems such as the diffusion of atmospheric
pollutants and the wind loading and wind flutter of buildings. From
a single applicatlon's polnt of view, for the simulation experiments
of the diffuslon of atmospheric pollutants, the wind speed of the wind
tunnel is approximately 0.1 m/s-10 m/s (or 15 m/s). However, the wind
loading and wind flutter bulilding model experiments require the wind
speed to be in the range of 8 m/s-40 m/s. For the point of view of
multiple purpose applications, the wind speed range will have to be
extended to between 0.1 m/s-30 m/s 1f both requirements are to be sat-
isfled simultaneously. From the viewpoint of design and utilization, in
a single purpose wind tunnel, because of 1ts small wind speed range, it #
i1s easler to manage its fan power system. Even so, for a wind tunnel
designed for atmospheric diffusion, the wind speed varies from 0.1 m/s
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to 10 m/s. Its magnitude differs by a factor of 100. It is diffi-
cult to materiallze by relying on a slilicon controller alone. It will
have to be complemented by a change of fan moment. The number of fan
blades had better be over elght. DBecause 1t 1s necessary to reach the
extremely low wind speed, the revolution of the electric motor must
be reduced to approximately 100 rev/min. Under such conditions, it
willl cause flow impulses 1f the number of blades is small which will
affect the flow quality in the experimental =>ction. Obviously, it is
costly to design and construct such a variable moment fan. If the
requirements can be lowered, then the present helicopter fan system
can be slightly modified. Thus, it is only possible to have 3-4
blades. For example, the wind tunnel at the Environmental Protection
Agency of the U. S. has a five blade variable moment axial flow fan
system. The maximum fan revolution speed 1s 900r-p-m (#=8m/s),

and the minimum fan revolution speed is 20¢-p- m(s = 0.15m/s),

For a wind tunnel, specially for the testing of wind loading and
wind flutter of buildings, the wind speed range is small (the magni-
tude differs by 8-10 times). It will be satisfactory to use a silicon
controller to adjust the speed.

If a multiple purpose wind tunnel is to be constructed, for
instance, the wind speed range is 0.1 m/s-30 m/s with a wind speed
ratio of 300, we must solve the problem of continuous speed variation
for such a large wind speed range. If no other method is available,
we will have to combine the use of a silicon controller and a variable
moment fan to adjust the speed. For example, the micro-meteorological
wind tunnel at Colorado State University in the U.S. adopted a four
blade varliable moment fan system. Its wind speed range is 0.1 m/s-

37 m/s.

The cross-sections of the test sections of most of the environ-
mental wind tunnels are square or rectangular. Due to the secondary
flow effect of the square cross-section, the effective experimental
zone will be affected. Furthermore, a square cross-section 1s not
very 1ldeal for experiments on the study of a large scale pollutant
diffusion, the effect of surrounding terrain on the bulldings and an
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architectural group. Hence, the width to height ratio of the cross-

section in the experlmental segment must at least be 10:7 or 2:1.

For an environmental wind tunnel, the key problem is the thickness

of the simulated atmospherlic boundary layer. Usually, in order to
solve most of the problems in production, the simulated atmospheric
boundary layer thickness must be at least 8=Im or even larger. The
actual atmospherilc boundary layer thickness is between 500 m to 1000
m. Thus, the model is reduced at a ratio of about 1/500-1/1000.

The height of the experimental segment must be approximately 2m. The
width of the experimental sectlon must depend on the range of terrain
to be simulated. The large size environmental wind tunnel at the
Japanese Pollution Research Institute, 10 m x 2.5 m x 30 m (direct
blow type), has been used to simulate a 40 km wide range of terrain
around Tokyo. The reduction ratio of the model was 1/4000. Due to
its geographlc location, the Boashen Steel Factory near Shanghal may
cause pollution to Shanghai. If the affected area 1s considered to

be 10 km wide and 20 km long, the reduction ratio will be about 1/3300
by using 3 m x 2 m cross-section experimental segment wind tunnel

for a model test. The experimental tall flow zone length will have to
be about 6 m.

For an environmental wind tunnel, if the study of atmospheric
pollution diffusion 1s its main objective, then the simulated temper-
ature layer structure 1s a key problem. For a wind tunnel with a
1.5 mx 1 m cross-sectional experimental section, in order to simulate
the various environmental flows under different stable and unstable
conditions and also to ensure a fixed Reynolds' number range, the max-
imum temperature difference of the temperature section should be at
least about 80-100°C. Thus, it is required to have a heated or cooled
amblient temperature of 5-90°C and a heated or cooled hase plate temp-
erature at 5-180°C. When the wind speed is 1 m/s, the power needed
to carry out an experiment with a temperature layer structure is about
300-400 kw. If the cross-section of the experimental section of the
wind tunnel 1s 3 m x 2 m and the wind speed 1s 1 m/s, the power re-
quired to obtaln the same order of magnitude of temperature difference
will have to be above 1200 kw=1600 kw (not including the electrical
power consumed by the fan power system). Therefore, for a wind tunnel
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constructed for the study of atmospheric pollutant diffusion, the
selectlon of its cross-sectional dimension 1is a problem to be thor-
oughly considered. Of course, there are still many large environment-
al wind tunnels with temperature layer structures in the world. For
example, a circular flow wind tunnel in PFrance has an 8 m x 3 m x 40 m
cross-sectlonal size and tﬁe base plate temperature is 10-70°C. A
direct blow type of wind tunnel at the Japanese Pollutlion Research
Institute has a2 10 m x 2.5 m x 30 m size test sectlion. It 1s also
equipped with a temperature gradient and a turbulence generator. For
a wind tunnel thils slze, the amount of electricity consumed is signi-
ficant.

As for the problem of the selection of the length of the test
section, some wind tunnels have a test sectlon length of longer than
24k m. Some of them are slightly shorter which is about six times the
helight of the cross-section. Based on the artificial boundary layer
formation method, using the 1/4 elliptical whirlpool generator method
as an example, 1t 1s possible to form the required velocity section
within a short distance from the inlet of the test section. For a
wind tunnel with an experimental segment cross-sectionof 3 m x 2 m,
in order to form a 1 m thick atmospheric layer the height of the 1/U
elliptical generator should also be about 1 m. At about 3 m-4.5 m
behind the generator, the required velccity section is formed.
Together with the tail flow region of the model of 4 m-5 m, the length
of the experimental section wilill have to be about 10 m. For the arti-~
fically formed atmospheric layer using the iInjection method, a longer
test section is required. If we use a 3 m x 2 m cross-section exper-
imental segment as an example, the length of the experimental segment
willl have to be about 15 m. We can see that the length of a short
test section environmental wind tunnel 1is about half that of a long
test section wind tunnel. From the angle »of reliability, it is always
better to bulld a long test section. It 1is especilally true for an
environment wind tunnel with a temperature layer structure. Obviously,
if we want to build a larger experimental wind tunnel for the wind
load and wind flutter testing of bulldings, then we should consider
a test section with a shorter artiflcially formed boundary layer.
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In summary, the selectlon of the length of the test section should be
based on the result obtalned after considering all the factors.

As for the wind tunnel type problem, there are approximately
three types. One of them 1s the circular type of wind tunnel (or
they can be converted into the direct flow bending type). The micro-
meteorological wind tunnel at Colorado State University in the U. S.
can be used as an example of this type of wind tunnel. It is usually
controlled by a single axlial fan which has a varlable moment. This
arrangement would significantly extend the range of wind speed. When
a high wind speed (above 30 m/s) 1s used to conduct an experiment on
wind load and wind flutter of bullding, 1t can be used as a circular
type of wind tunnel. 1In this case, the energy of thils wind tunnel 1is
comparatively high to sufficiently utilize the capabillity of the power
system. When it 1is used 1n an atmospheric pollutant diffusion experi-
ment which 1s conducted at a low wind speed (0.1 m/s-5 m/s), the cir-
cular flow 1s changed to a direct flow bending type. At this time,
the effect of external flow on the flow fleld in the test section 1is
comparatively small for a direct flow wind tunnel. The amount of energy
retrieved from the circular flow channel 1in a circular wind tunnel is

only a few percent of the total energy. Its main function 1s to make
the flow entering the stable section uniform without the effect of
gust. Furthermore, if a temperafure layer structure exists, the heat-
ing of the amblient temperature is placed in front of the third

turn. Thus, the ambient temperature can be controlled with uniform
stability to a certain extent. Of course, 1ts building cost is 70%-
100% higher than that of a direct flow wind tunnel with similar char-
acterlstics. The second type is a direct flow section wind tunnel.
Usually, there is one (or more) axial flow fan downstream from the
test sectlion. For example, the wind tunnel of US EPA (its test sec-
tion dimensions are 3.7 m x 2.1 m and its test section length is 18.3
m) belongs to this type. The pressure in the test section is less
than the external pressure for this type of wind tunnel in low speed
testing, gas would leak from the outside in when the wind tunnel is
operating. This may affect the flow gquallty of the test sectilon.
Therefore, the requirement of wind tunnel body hermeticity 1s compara-
tively high. The inlet and outlet of a direct flow wind tunnel are
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the necessary path for an external gust to affect the dynamlic pressure
of the test section. Hence, it must be treated with speclal caution.
By installing flow guiding devices and fine nylon nets at the wind
tunnel inlet and a few parts in the tunnel body, the effect of gust

is reduced to the extent possible. The dust brought in by the
external flow may have some deterlmental effect on the probe of the
thermal linear wind speedometer. Therefore, 1t 1s necessary to fre-
quently wash the nylon mesh. The room with the wind tunnel must be
kept clean. The inlet and outlet of the wind tunnel should have alr
filters installed. A 3-4 layer mesh is used at the inlet and a double
layer mesh at the outlet having <the function of adjusting and stab-
11izing the flow. However, the installation of more flow control
meshes will consume more power (approximately 15%). In addition, for
a direct:'flow wind tunnel, its noise 1s larger. It 1is especially true
at bigh wind speeds. The noilse of a direct flow wind tunnel includes
the nolse generated by the fan itself and the noise caused by the
vibration of the body. This not only would interfere with the thermal
linear probe, but also would affect the turbulence of the flow. It
should be eliminated by taking the proper measures. In the fan section
of the wind tunnel in the U.S. EPA used a series sound proofing mea-
sures to minimize the effect of noise to the fullest extent possible.
If a direct flow wind tunnel is bullt indoors, the building itself
forms a back ioop. Thus, 1t 1is possible to carry out a certain control
wlth respect to temperature. Furthermore, the effect of external gust

is also reduced. However, as a wind tunnel for use in atmospherilc
pollutant diffuslon, its fume must be led to the outside. Otherwise,
the concentration of the smoke itself will be affected 1f it is cir-
culated in the room before entering the :lnlet of the wind tunnel. The
third one is the direct flow blowlng type wlnd tunnel such as the one
at the Japanese Pollution Research Institute which is 10 m x 2.5 m x
30 m. This type of wind tunnel has a fan upstream from the stability
section. It 1s more advantageous to use a centrifugal fan, especially
under conditlions not originally designed for. The use of a centri-
fugal fan can produce a larger pressure rise. In addition, the whirl-
pool at the outlet is comparatively small. The pressure In the exper-
imental section of this type of wind tunnel 1s larger than that of the
outside. During operation, gas leaks from inside out. The effect on

.. ,.--_...___“_,."‘
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the flow in the test section 1s not too large. The requirements of
seals for the wind tunnel body can be relaxed. Obviously, the treat-

ment of the inlet and outlet of a wind tunnel 1s similarly very
important. 1In the design of Japanese environmental wind tunnels,
most of them used the direct flow blowing type, especially when the
wind speed range is 0.1 m/s-10 m/s. It 1is more advantageous to adopt
tbhis form under thils condition.

-

AERODYNAMIC COMPUTATION OF THE WING--BODY--SHORT CABIN COMPOSITE*

Chen Yao Song
(Department of Mechanics, Beijing University)

1. INTRODUCTION

The ae}odynamic computation of an airplane 1ncluding the wing--
body and short cablin 1s a largce topic. In the subsonic and supersonic
regions, the finite basic solution 1s commonly conslidered as the best
method to solve the ideal potential flow [1]. Because the requirements
for aerodynamic computation are becoming higher and higher, the dis-
cretization of the alrcraft surface 1s getting finer, Therefore, the
internal storage must be greater. The computational work load is also
increased. In order to resolve the difference between supply and
demand, presently we still rely on the partial computation with the per-
turbation method. Due to the mutual dependence between the partial
aerodynamic force and perturbation, repeated iterational computation
1s unavoidable. Furthermore, the actual partial method has a deter-
mining effect on the convergence property and speed of 1lteration.

When the treatment 1s improper, the computatlion will fail. In this
paper, a method to extract the "perturbation" was designed. It can
completely avoid 1teration so that the required internal storage 1is
reduced and the computational work load is decreased. Currently, some

-
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factors, such as the thickness and curvature of the wing,are separ-
ated first to simplify the computation. But the computation of the
two factors can be done separately. The results obtalned first can
be used to refine the presentation of the boundary condition of the

latter computation. By doing so, the work load is not increased but
the final results are greatly improved.

II. EXTRACTION OF AERODYNAMIC PERTURBATION

Using the aerodynamic interference of a wing on a body as an
example, 1t 1s required to find the added flow field on the wing pro-
duced by the baslc solution of the body. However, QB itself is re-
quired to be determined simultaneously with the basic solution Qw of
the wing. If the same block method is used to find the perturbation
fleld of the body to the wing and the induction field of the body
itself (Figure 1), the order of the simultaneously obtained equations
is very high. If different methods are used for both cases now in
the computation of mutual perturbation between the wing and the body,
very small size blocks are reserved for the area near the wing-body
connection. The block size 13 amplified in the areas where they are
far apart. (From a simple analysis, we know that the linear dimension
of the block 1s proportional to the distance between perturbed points.
It increases accordingly. Therefore, the relative error introduced
by discretization still remains on the same order of magnitude). Con-
sequently, the number of unknowns to be solved simultaneously 1s great-
ly reduced. By independently solving such a wing-body composite to
obtain QB' and Qw', 1t 1s possible to obtain the perturbation fields
of body on wing and wing on body (Figures 3 and 4), respectively. This
perturbation fleld is computed in one computation. With 1t, the aero-
dynamic force on the wing or body can be calculated independently. 1In
thls case, the blocks are divided separately. Generally, the blocks
are getting smaller (its size is equivalent to the smallest block used
in the computation of the perturbation).

III. DECOMPOSITION OF THE BOUNDARY CONDITION AND THE
COMPUTATIONAL SEQUENCE
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The circular flow condition on the surface of an object can
usually be written as
(v.+0)-n=0 (1)
where 9« 1s the veloclty of incoming flow, o 1s the perturbation
velocity, m is the unit normal vector on the surface of an object (see
Figure 5). As far as the wing 1s concerned, this condition can be

simplified somewhat. Let #s#sw 3ngd %« %rsM be the three components
of # and a, respectively. On a normal wing, m& g, Therefore,
on the wing, it 1s approximately

n,rutncwem —(o 8, +og,n,) (2)
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. where v.. and vsas are the x and z
direction components of the incoming

flow veloclity % . If the wing shape
-~ .
-~ = is given in a function form
2= (ss y) (3)
Figure 5 then equation (2) can be written as
g ta ke B (4)
Vs + & O«
* Assuming that the attack angle of the

incoming flow is a and f‘t and fc are

s the wing thickness and curvature, res-
- pectively (Figure 6), if the incoming

flow velocity 1s equal to 1, then the

zL wing condition (4) can be written as
=== i dinatw _ 8 0 (5)
¢ , cosa + & 9 Or
Figure 6

In the actual computation, we usu-

ally have to perform the following
simplification:

1. The circular flow condltion (5) to be satisfied originally
on the wing surface (z = f) 1is shifted to the chord plane (z = 0),

2. It 1s believed that |l K cosa, is valid everywhere on the
wing surface so that u can be omitted 1In the formula.

When the curvature and thickness of the wilng are not large and
the attack angle 1s small, this kind of simplification 1s permitted.
However, we should point out that the u near the front fringe is on
the same order of magnitude as cos a. Therefore, the solution ob-
tained after such a simplification would not be too good near the
front fringe of the wing. In order to improve this polnt, we are
temporarily abandoning the second point of simplification. 1In this
case, the circular flow condition becomes

we= t+(cosa + u) —g—f‘- +(cos¢+u)-g—:f-— sina (6)

-1
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Let us break it down into two parts
(7)

w4+ w,
where

.U:-t(cota-'-u)%'- (8)

0,—(cooa+u)-g—lf-—-sina (9)

If the solution ¢ and e, under the conditions w = Wy and w =
w, can be obtained by iteration, then they are the solutions to the
thickness and 1ift problems, respectively. As a first order approx-
imation, let us simplify the condition (8) of the thickness problem
as

-9
w, :tax (10)
Because everything on the right side 1s known, the corresponding
solution ¥ can be directly obtalned from the method of placing a
planar source on the chord plane. After finding ®+, it can be sub-

stituted into the circular flow condition (9) of the 1ift problem:
- 99, \3, _
w, (eoua+ o )8: sina (11)

The corresponding solution ®. c¢an be obtalned by using the method to
arrange the equal pressure surface vortex by the division of blocks on
the chord plane [2]. By calculating according to the sequence men-
tioned above, we can obtaln better results without 1lteration.

The above 1s basically the Woodward method. The only difference
1s that after solving the thickness problem, the results obtained are
used to correct the boundary condition of the curvature problem. In
the final computatlon of pressure, the nonlinear terms of the incoming
flow direction velocity component are maintained. By doing so, the
computational work load is not increased as compared to that of the
Woodward method. However, the results, especlally the results near
the front fringe, agree with the experiments more satisfactorily (the
difference 1s reduced by half on the average). Therefore, in the
computation of the composite structure, we also carried it out accord-
ingly.




As for the boundary conditlon of the wing of the composite body,
it is still to be satisfled by shiftlng to the wing chord plane. On
the projection of the chord plane of the wing, blocks are evenly

divided. Each block 1s arranged to have a linear planar source with
a strength yet to be determined and an ‘isobaric surface vortex. Due
to that fact ®» «J , the effect of the lateral sliding veloclty com-
ponent can be neglected. Thils means that 1t 1is possible to only con-
slider the velocity components u and w where we establish the boundary
condition of the wing. Assuming that the wing thickness part is ft
(x,y) and the curvature part 1s fc(x,y), then the velocity field
created by the planar surface arranged on the wing surface 1s (ut’wt)
and the veloclty fleld created by the arranged surface vortex 1is
(uc,wc). Because a composite body 1s studiled, we must also consider
the existence of the body and the short cabin. Blocks are also drawn
on thelr surfaces. A uniform planar source 1ls arranged and control
points to establish the boundary conditions are established [3]. The
veloclty fleld created by these planar sources near the wing is
called (uy,, w.).

Now, let us study the uniform flow from the x-direction (1,0).
Then the velocity fileld on the wing (u,w) can be written as

u= | 4 u,+utu
} (12)

w=w,tw, + w,
where the top signs represent the flow fleld on the top surface of
the wing and the lower signs represent the flow fileld on the lower
surface of the wing. The normal directions of the top and bottom
wing surfaces (nx,nz) can be replaced by the directional numbers

(—fFfs1) whereﬁ-.%%, f,=9L.  Therefore, the boundary condition on
the wing can be written as

=(fe2fs) - (1 + s+ w2u)

+w,tw, +w.~0
i.e.,

(fe-Qtutu)+fi v —w—w]l
2 (O uy+u)+f (13)
cu—w] =0
Originally, they should be satisfled on the top and bottom sur-

faces, respectively. However, according to the experlence 1in the




computation of the single wing, we can make the contents in the two

brackets zero individually to form two boundary conditions

i (U+mtu)+l w—~w,=0 (14)
and

foo(l +up+w)+f (15)

o — Wy — .=

In the real alrcraft, the blocks on the body and the short cabin
near the wing have a weaker source convery'ng strength because they
are close to the incoming flow direction. Thus, one can assume
that

#3858, ~ O(s) (16)
Here, € 1s a small quantity representing the order of magnitude of
the attack angle a as well as fc' and ft'. Therefore, we can adopt
the following form of wing boundary conditlons:
wi=1i (17)
(wa—2p L)+ (w,— .+ )

-l 4 w)-f (18)

In equation (17), all the higher order terms have been eliminated.

The dilistributlon of the planar source can be directly determined by
ft' But the boundary condition (18) is used after the thickness prob-
lem 1s solved. Therefore, it 1s possible to keep ut°fc' as an un-
known term on the right side of the equation.

Now, let us analyze the circular flow problem of the unity para-
llel flow along the z-direction (0,1). In this case, equation (12)

can be wriltten as
-y, +utsu, }

we=14+w,tw;+ w, (19)

Corresponding to equations (14) and (15), there are boundary condi-

tions as follows:
fo-(uatw)+f-u—w =0 (20)

and

for(mtu)+f-u—1
—wy—w, =0 (21)
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Different from the condition of parallel Ilncoming flow, now
the wing has
s o 42y @, ~ O(1) (22)
and

sy, ~ O(s) (23)

After neglecting the higher order terms of ut-ft’ and ut'fc’
in equations (20) and (21), respectively, the two boundary conditions
can be written as
w,=x-f,+u-f (24)
and
(wi—w - )+ (w,— - f1) = —1 (25)

For a perpendlcular flow problem, the plane source of the short
cabin on the body and the surfdce vortex of the wing can be solved
by equation (25) first. Then, equation (24) can be used to solve the
plane source problem of the wing.

As for the boundary conditions on the short cabin or the body,

for paraliel incoming flow, we have
. (26)
(sy+w) A —s,—u,-n
But for perpendicular flow, b.-cause Uy is one order higher than
‘n term so that 1t becomes
27)

u t

(o, + &) = —=s,

n and u,, we can neglect the u

Because in the perpendlcular circular flow problem the solving
of the wing surface source comes after solving for the wilng surface
vortex and body (or short cabin) plane source, this omission becomes
necessary. Otherwise, the three egquations must be solved simultan-
eously and the problem becomes immense again.

In summary, fé 1s used to solve the wing surface source problem
with parallel flow. Then, the expansion matrix 1s used to simultan-
eously solve the wlng surface vortex and the surface source of a
short cabin or body proktlems with parallel and vertical flows. Ir
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the only thing required 1s the aerodynamic force on the wing surface,
then the last step can be skipped. This is because the perturbation
source only comes from the surface source on the short cabln or the
body.

IV. EXAMPLE 43

After proposing the above algorithm, actual computations were
carried out using the DJS~18 computer at Beijing Unilversity based on
the domestic "transport light" aircraft. The blocks of the body,
wing and short cabin are shown 1n Figures 7, 8 and 9. Figure 10 is
the lateral distribution of the wing rotational moment c-CL curve
when the attack angle 1s 4°. Because the short cabin has a -4°
installation angle with respect to the wing, therefore, the conse-
guence of short cabin interference 1s the reductlon of 1lift. This is
gxtremely serious when the attack angle is small. It decreases with
increasing attack angle. Near the short cabin, the reduction of the
circular moment agrees with the experimental results. The circular
moment curve obtained by the computation indlcates that the 1ift coeff-
icient when M = 0.6 is about 20% larger than that at M = 0. Because
there 1s no experimental result at M = 0.6, we can only compare our
results to the calculated results by sombody else [4]. It is also
reasonable.

When using an aerodynamic perturbation method to calculate the
aerodynamic force of a composite body, the most serious test is to
determine whether the local aerodynamic force distribution is reason-
able at the junection between parts. In Figure 11, the pressure dis-
tributions on the top surface in the chord direction of the wing with
y/L =26.2% and 83.8% are plotted. The latter is far from the body and
the short cabin which is a typical top surface pressure distribution
on a single airplane wing, while the former happens to be on the top
of the 1nner side of the short cabin. As for the effect of the short
cabin on the upper wing surface pressure distribution, besides the
occurrence of some fluctuatlons locally at the front fringe, in the
large area 1t tends to even out the pressure. It 1is also reascnable.
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Figare 7

Figqure 8
&
Figure 9 )
[
M= 0 single wing
M= 0 wing-body - short
M = 0.6 wing-body - cabin
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All in all, actual computation indicates that it 1s feasible to
realize the computation of a composite body by using the "perturba-
tion extraction method". In this case, the capacity of the computer
required 1s less which 1is very meaningful.

NOTICE OF NAME CHANGE FOR "Electronics Communication’.

"Electronics Communication" will change its name to "Journal of
Electronic Science" in 1983. It will remain to be a technical pub-
lication. We welcome your manuscripts and your subscriptions also.
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The "Optical 01l Flow" Technique in a shock wave wind tunnel

In a plece of equipment such as an equal impulse shock wave wind
tunnel, the display of the flowing motion often relies on the printing
(shadow) method. However, the oil flow technique, which has been
widely used 1n conventional wind tunnels, 1s not applied in this area
maturely. Up until now, in the relevant information both domestically
and abroad, there 1s very little successful application being reported
using this technique for an impulse type wind tunnel.

The aerodynamic center carried out an experimental study on the
"optical-oill flow" display technique in a shock wave wind tunnel. This
wind tunnel has conical nozzles. There are observation windows on
both sides of the test section. The diameter 1s ¢ 240 mm. The exper-
imental model 1s a plate-cylinder composite body. The body was in-
stalled on the symmetry plane in the test section in an attitude
approximately perpendicular to the horizontal plane. The attack angle
is <«=3° |, The M number of the flow at the outlet of the nozzle is
close to 8. It could also ensure the presence of a turbulent surface
layer on the plate in front of the cyllnder. The experimental time
veriod 1s approximately 7 milliseconds. Obviously, the extremely short
experimental period is the major reason making it difficult to apply
the o0il flow technique. After taking the corresponding measures, we
have successfully obtained clear flow pattern photographs (photographs
1 and 2) related to the supersonic turbulent surface layer separation
in front and behind the e¢ylinder. From these photographs, we can cb-
tain the knowledge regarding the separation of supersonic turbulent
surface gyers in front and behind the cylinder.

It should also be pointed out here that: The current flow pattern
photograph 1s not taken after the experiment. Instead, 1t 1s taken
during the experimental (blowing) period after the flow field has
already been established. The results obtained experimentally showed
that the flow pattern in the testing process is quite different from
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Figure 1

that after the experiment. This not only indicated that the stopping
of the wind tunnel has a significant effect on the flow pattern, but
also demonstrated that the current oll flow technique has the capa-
bility of reflecting the flow variation correspondingly. Other exper-
iments also demonstrated that the present oll flow technlique has
sufficient capability to reflect a uniform flow pattern..

The use of an optical method 1s an 1mportant means of flow display
in wind tunnel experiments. The "optical oil flow" technique combines
the 01l flow technology wilth a certain optical technology. It can
correspondingly improve the resolution of surface flow lines. It 1s
also able to record the position of the shock wave. This technique
has been used in shock wave wind tunnels. It is anticipated to extend
1t to other millisecond level impulse type wind tunnels.

Yang Zuqing and Wang Xirong

The photographic technique of shock wave laser shadow

When an alrcraft 1s in a supersonic flow, 1t collides with
natural and artificial solid and liquid particles. The bow shaped
shock wave 1s distorted and the heat flow 1s increased significantly.
However, due to the fact that the shock wave distortion 1s random, its
positlion and direction do not follow a certain law. The deflection of
high veloclity partlcles will cause the occurrence of shock wave oscill-
ations. Therefore, it 1s comparatively more difficult to photograph
the high speed shock wave distortlon. Presently, the 701 of the
7th Machinery Department uses a pulsed laser hlgh speed shadow tech-
nique to obtain better results. The shadow method can reflect the
variation of the flow in any direction. The 1light source used was a




pulsed ruby laser with chlorophyll D to adjust Q. The pulce width
can be under 100 ns. Because of the better monochromatism of the
laser, the sensitivity 1s higher. As long as the area of the point
light source is small and there is a proper distance between the flow
disturbance to the base plate, we can get -better photographs. The
shadow method does not need a knife edge 1t can prevent the light
diffraction effect created by the knife edge 1n the grain method.

The 1image formed 1s very clear.

In order to study the mechanism of erosion and corrosion of the
alrcraft due to these particles, not only do we need to observe the
distortion of the bow-shaped shock wave, but also simultaneously we
wish to obtain the information on the size and density distribution
of the high speed particles. Therefore, the use of an axial holo-
graphlc photographlic method 1s a better method to study microscopic
dynamic partlicles. It not only can display the three~dimensional pic-
ture of the original particle field to obtaln the relevant data on the
size and distributlion of particles, but also can simultaneously ob-
serve the shadow diagram of the bow-shaped shock wave distortion.

Yuan Ge, Jin Yuan and Li Chaojie

The fluldized pressure transfer equipment for powdered coal

Coal fixed magnetohydrodynanmic generatlon of electricity is a
power generation method which uses the bhigh temperature high velocity
plasma flow  (T=3000°K, M=1) produced by having powdered coal pass
through a magnetic field while cutting the magnetic line of force to
generate electricity. Presently, some countries 1in the world are
very serlous about this study. In order to adapt to the reguirements
of this study, the Electrical Engineering Institute of the Chinese
Academy of Sclence constructed a simple fluidized pressure transfer
device for powdered coal in October 1980. A cold state test was con-
ducted. Furthermore, several tests of electricity generation were
performed in 1980 and 1981. The operating condition showed that the
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transfer concentration of the device (the ratio of the transferred
powdered coal vs. the carrier gas by weight) could be adjusted in the
range of 30-500. The flow rate could vary in the range from 80-300
g/sec. During stable operation, the fluctuation of the flow rate of
the powdered coal does not exceed +10%. It might be because since the
experimental range was limited, the relatlon between the flow rate and
the pressure of the coal can was close to linear. 1In addition, pre-
liminary explorations with regard to the correlations between the
fluidized gas, transfer gas and powdered coal flow rate were conducted.

The structure of thils device 1s as shown in the figure. In the
figure, the gas line I 1s the pressurizing line. A certaln pressure is
maintained 1n the powdered coal can through adjusting the gas flow rate
in that line. II 1s the fluldizing gas line. The gas 1s blown into.
the top of the powdered coal can by passing through the fluidization
plate in the fluidization chamber to fluidize the powdered coal. The
fluidized bed used was the flat bottom plate type. III is the transfer
gas line. The gas 1s injected Into the coal mixer Ehrough the acceler-
ation at the gas nozzle to cause the further fluldization. This equip-
ment did not use a mechanical material supply device because we had
wished to control the flow rate of powdered coal by controlling the
gas flow parameters. An explosion proof diaphragm was installed on
the powdered coal can to ensure safety. The inner dlameter of the coal
can 1s ¢ 600. The flow rate of the coal powder was measured by the
pound. The gas flow rates were measured using three separate gas rotor
type flow meters.

On the basis of this device, the institute is currently building
an optical grating type of electronic scale for weighlng. It will be
used in a larger scale fluldized pressure transfer device for powdered
coal to automatically adjust and control the operation continuously.
By that time, we should be able to conduct more thorough tests.
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(1)
Schematic diagram of the
coal transfer device

l--reducing valve; 2--needle valve; 3--pressure gauge; 4--float
type flow meter; 5--release valve; 6--coal entering hole; 7--
explosion-proof hole; 8--fluldized plate; 9--fluidized chamber;
10--gas nozzle; ll--mixer; l2--manual valve; 13--coal transfer
tube; li4--to the combustion chamber

Dong Chengkang and Zhang Guichun

The free surface shockfwave in the near field of ships

In recent years, an interesting characteristic of the ship wave
was discovered in ship model experiments. There is a wave series
which 1s completely different from the Kelvin serles in the wave
pattern of the near field of a ship. ' It looks lilke the shock wave of
a compressible fluld. Therefore, 1t 1is called the free surface shock
wave. The free surface shock wave (non-linear wave) and the Kelvin
wave (linear wave) exist simultaneously near the bhull of a ship. The
free surface shock wave occurs in the near field of a ship while the
Kelvin wave appears at a certain distance from the ship.

The so-called shock wave 1s characterized Ly the presence of a
discontinuous flow surface. The veloclty varies abruptly before and
after the shock wave. According to the measurement of velocity dis-
tribution in the ship near field (the bow and the stern), the pertur-
bation velncity component (v) in the transverse direction (y) and the
wave height () bave a step effect, as shown in Figure 1. This type
of step jump effect 1s limited to a thin layer near the free surface.
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Just because of these reasons, some people suggested that 1t should
be called the free surface shock wave. Furthermore, 1t was believed
that a nonlinear shallow water wave could be used to analyze this
type of shock wave effect. After introduclng an equivalent draught
h, the correlation curve, as the one shown in Figure 2, was discovered
between the shock wave angle of the free surface B (the angle between
the wave front and the direction of sailing) and the Flute number Fn
of the ship length. When the shock wave angle 1s 90°, 1t is called

a normal shock wave. When the shock wave angle decreases rapildly
with 1ncreasing Fn’ 1t is called the slanted shock wave. It resem-
bles very closely the variation of Mach angle in a supersonic flow,

l.e.,

liﬂﬁ-g
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where u 1s the speed of the shlp and C 1s critical veloclty of equi-
valent draught, i.e.,

Cm 2k

The discovery of the free surface shock wave phenomenon is cur-
rently promoting the further development of the theoretical study of
the wave generating resistance of ships.

Wang Xianfu

Based on "Collected papers of Japanese Shipbuilding Society"
147, June (1980)




A new shock wave tube

The Physics Department of Lehigh University in the U. S. has
developed a new pressure driven shock wave tube. This shock wave
tube does not use a diaphragm structurally.- It uses a spring ball
valve instead. The inner dlameter of the valve is 2.22 em. It is
connected axially to a rigid driving section which 1s 60 cm long and
2.22 cm in inner diameter. The operating lever of the valve is con-
nected to a spring mechanism. When the ball valve 1s triggered, it
changes from a completely closed state to a completely open state by
rotating 90°.

The spring ball valve: The driving section device has success-
fully produced light emitting shock waves 1n three driven sections
during testing. 1In the experiment, alr, argon, xenon and hydrogen
were used together as the driving gas. The driven sections are three
pleces of 3 mm inner dlameter upper tubes with a length/radius ratio
greatly exceeding 1000. These tubes were bent into any shape (the
radius of curvature 1s as small as 10 times that of the radius of the
tube). Each end was equipped with an organic glass experimental sec-
tion with a rectangular or circular cross-section. After each dis-
charge, most of the driving gas will be retrieved at high pressure. The
driven section will not have the pollution problem by the atmosphere
and the fragment of the dlaphragm. Therefore, it 1s only necessary to
clean the experimental sectilion after several tests. Because the shock
tube has the above advantages of bendability, reappearance of shock
wave and cleanness, therefore, it 1s very suitable for large scale
wave spectral studies.

Kang Zhixiang

A new 1mpulse device

When a high energy pulse laser 1lluminates on a solid target
material, an impulse 1s frequently produced. Impulse is an important
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mechanlical parameter. It is imperative to the analysis of the mech-
anism of laser destruction. According to 1ts application character-
istics, we developed a practical laser veloclty measuring solid rota-
tional moment impulse device. This device 1s simple in structure,

easy to use and reliable.

The instrument 1s composed of a freely rotating rigid body struc-
ture, a He-Ne light source, a photoelectric diode and an oscilloscope.

For a rigid body rotating freely around a fixed axils, a diamond
bearing for instrument use was Installed on the rotating axis. It was
adjusted until the rotational friction was reduced to the minimum
extent posslble. Two arms were extended from the rotating axls and
targets were installed at the end of the arm.

In the middle of the rotating axls, a small hole was drilled
through the center of the axls to allow the light from the He-Ne laser
beam to pass through thils small hole. The light happened to shine on
the photoelectric dlode. When the rotating axls travels by an angle
of m, the photoelectric diode would receive an ovotical-electrical 80
signal. The signal was sent to the light display to record the amount l
of time required for the rotating axis to travel an angle wn. Due to
alr reslistance, friction and other factors, the rotating speed is
always decreasing. Using an attenuation law to correct the amount of
time to rotate an angle w, this corrected time can be used to obtain
the rotational speed more accurately.

When the laser beam is shining on a stationary target, the target
begins to rotate due to the impulse. Once the rotational speed is

measured, we can very conveniently calculate the impulse.

Wang Chun kuil




The powdered charge injection type shock wave device

According to a report in the "Abstract of Papers in the 13th
International Shock Wave Tube and Shock Wave Conference" (July 1981),
the Space Research Center of York University in Canada added a powder
charge injectlon device to a conventlional pressure driven shock tube.
Due to the conslderation of the recurrence of shock waves,the injec-
tion of charge and the firing sequence are automatically controlled.
Therefore, the entire shock tube device works according to the follow-
ing: the charge 1s 1nstalled in a tube inside the stabilization box.
Then, the stabllization box was evacuated. In addition, it is fillled
with some buffer gas which is flowing towards the working section of
the shock tube. The shock tube 1s also evacuated before operation.
The flrst step of operation is to blow the gunpowder into the stabili-
zatlion box. After wailting for a whlle, the suspended fine particles
produced enter the shock tube with the buffering gas. Finally, the
pressure is rapldly reduced by the medium gas to shatter the diaphragm .
(under the sequential automatic control condition; actually there are
two diaphragms). The lasting time in the entire process 1is not more
than one minute. 1In the operating process, all the valves and pressure
transducers are equipped with microswitches to prevent malfunctions
to affect the operatlon of the shock tube. The control system is com-
posed of so0lid state transistor--transistor loglc circuit elements.

The powder charge injection device can also reduce the waste rate
caused by human error to improve safety.

Kang Zhil xlang q

Solar laser

W. Wayfords;et al of the Unlted States National Aeronautlical and
Space Administration (NASA) used simulated sunlight at 4 kwatt to
exclte a quartz laser tube fllled with C3F7I vapor to make it emit a
pulse laser light with a peak power of 5 watts. This accomplishment




has rekindled the interest to directly convert sunlight into laser
light. The present problem is that the laser medlum using 03F7I can
only utilize 1% of the entire solar spectrum, i1.e., the light with a
wavelength between 250-290 nm. Therefore, the efficiency 1is very

low. The researchers at NASA have already located an arsenic 1odide
compound which can utillize 7% of the solar spectrum. However, such a
laser has not been developed yet. The laser which can be directly
exclited by sunlight 1is considered toc be used 1n propelling the space-
craft in low orbits to higher orblits. Or, 1t can be used to feed
energy to spacecraft or space bases. We also do not eliminate the
possible military application of destroying satellites. There 1is
another application which involves the assistance of thils kind of laser
to transmit the solar energy in space to the ground. If microwaves are
used to transmlt thils energy, then we must construct a 29 square mile
recelver on the ground. If a laser beam 1s used, the ground receiver
is about the size of a football field. Lastly, we must solve

problem of laser propagation 1n space, especially the attenuation
problem during propagation in the cloud and storm. The present work

1s merely the first step. However, the future seems bright.

Li Yuanheng
Based on Scilence News
119(24), 381 (1981).

Using the single beam laser scattered spot interference method
to measure the thermal strain

The measurement of thermal strain of a structure 1s a technique
of high degree of difficulty. This 1s because the device to measure
the strain itself 1s also affected by temperature. The resistance
straln plate 1s an obvious example. The resistance strain plate is
influenced not only by strain, but al.:o by temperature.

F. P. Chiang studled the use of a single beam laser scattered
spot interference method to measure the instantaneous thermal strain
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field of a small area heated aluminum plate with very good results.

A ruby laser was used to minimize the correlating effect between the
hot air turbulence and the scattered spot. Consequently, high quality
equal displacement patterns were obtained. The experimentai results
showed that it not only can be an instantaneocusly yarying bDut also a

stable thermal strain fleld. '

Fu Yushou
Based on Applied Optics 19, 16 (1980).

Metal fatigue causing aircraft mishap

The Boelng 737 passenger plane belongling to the Far East Air-
lines of Taliwan suddenly crashed whilch caused huge losses. The
passenger plane serlously disintegrated in air which 1s a mysterv.

Through analytilcal studles, the experts believed that this inci-
dent 1s due to metal fatigue. The aircraft disintegrated seriously
in midair which indicates that metal fatigue has occurred in many
areas of the major structure. An unstable state was reached at one
instance. This rhenomenon happened possibly due to the explosion
of an englne.

High pressure 1s produced when the engine is started and this
pressure disappears when the engine is shut off. The engine produces
a perilodically negative load. If the time of usage 1s long and the
number of landing and takeoff times is high, even for an aircraft
which 1is well designed, it may explode due to metal fatigue.

If regular checking is carried out to discover the symptoms of
early stage metal fatigue, we can avoild the accidents.

Fu Yu shou
Based on The World of Science, 11 (1981).
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Film used to measure pressure

The Fujl Film Company of Japan developed a film which is capa-
ble of directly measuring the pressure value and pressure distribu-
tion. It 1is called®rvay—»~ . This fi1lm can be adhered to the
surface of the object to be measured. Then, the pressure is applied

to leave a pattern of different color darkness.

In the past, when measuring the pressure value and pressure dis-
tribution of a plane, the following methods were used: (1) to fasten =
strain plate on the object to measure the strain; (2) to use a force
measuring device or a plezoelectric crystal to measure the pressure;
(3) to use the pressure print on the red lead powder (trilead tetra-
oxide) or aluminum foill to determine the contact points; (4) to use a
strain painting film to determine the strained parts. However, 1t is
not possible to accurately determine the pressure distribution and
pressure value.

But, by using the newly developed pressure measuring film made
by Fuji Film, anybody can simply measure the pressure distribution and
pressure values. Therefore, a new territory in pressure measurement
technology has been opened.

Its advantages are that: (1) it 1s capable of measuring the
pressure exerted on a body due to contact which cannot be measured
before, such as the pressure between the gears; (2) the measured
pressure distribution pattern 1s clear at a glance; (3) 1t 1s possible
to measure the pressure values by using a specilal colorimeter to
determine the color; (4) the pressure range atle to be detected is

5 kg/cm2—700 kg/cmg; (5) the measured pressure distribution pattern
can be saved over a long perlecd of time.

Actual examples and its effect: (1) the measurement of pressure
on the contact plane of the valve gate: Because 1t is possible to
determine the pressure on the entire contact surface easily, there-
fore, it 1is capable of determining the machinery condition and leak-
age at the contact surface of the valve and the seat. When the
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rotating moment of the valve lever 1s different, the pressure on the
contact surface 1is also different. Therefore, it 1is possible to
choose the most proper moment. (2) YThe measurement of pressure in
the draining of a stalnless steel bathtub: It 1s possible to
determine the uniformity of the impulsive pressure. We can determine
the stability of the strength and thickness of the product. It can
determine the machining accuracy required for the punching die. (3)
1%e measurement of pressure between the rollers in a Xerox machine:

It is possible to simply measure the radial ellipticity of the roller,
the linearity of the roller and the tightness width.

Jin Zhexue

Translated from Journal of Japanese
Mechanical Society, 84, 748 (1981).

Diesel englne high speed automobile

The speed of the automobile to be used for aerodynamic study by
Volkswagen Company in Italy 1is 225 miles per hour. The crulsing
speed also reaches the maximum value. This type of automobile can
reach a speed of 155 mlles per hour in a circular truck testing ground.
On the average, each gallon of diesel fuel can run the vehlcle for
39 miles. Even when moving at 225 miles per hour, eacu gallon of
diesel can run the vehicle for 18 miles.

The deslgner Installed a turbine pressurizer on a six-cylinder
diesel engine in a light weight civilian truck. In addition, the
plistons are cooled. These improvements raised the power of the dlesel
engine from 75 horsepower to 173 horsepower.

The key to the attainment of high speed for the automobile 1is
the change of the aerodynamic external appearance of the car. The
following factors were considered during the design: the maintenance
of directional stabllity, the elimination of flow separatlion in front
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of the automoblle, the coollng of the engine to reduce energy loss
and the reduction of mechanical friction.

The shell of the automobile has been tested in the wind tunnel
for a year and a half. Its resistance coefflclent is lowered to 0.15
while the resistance coefficlent of the unimproved automoblle was
0.42.

Liang Xizhi
Based on Design News, 3 (1981).

The windmill with "pendulums"

The new windmill developed by the aerodynamlc expert M. C. Chen
at the United Technologles Research Center in the United States has
been 1n operation. It has begun to feed electricity into the electri-
cal network in New Zealand. This windmill has two blades; each blade
is over 4 meters long. When in rotation, they appear to be the pro-
peller blades of a helicopter. The speclal feature of this windmill
i1s that two heavy objects which resemble a pendulum were installed at
the junctions between the blade and the axis. These heavy objects
work as the centrifugal engine adjusters. The higher the wind speed,
the faster the blades rotate and the farther the pendulum is swung
away from the equilibrium point. The result of the swinging of the
pendulum would decrease the angle of inclination of the blade. Thus,
a higher efficiency can be obtained at higher wind speeds. This wind-
mill was installed on a 15 meter high tower. When the wind speed is
20 m/sec, 1t 1s capable of generating 8 kw of electricity. Its devel-
opment was 1nspired to a great extent by the design of the composite
bearing rotor of the Sikorsky S-76 helicopter tailwing.

L1 Yuan beng
Based on Popular Science 218 (5), 24 (1981).
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A new method to calculate the supersonic non-steady
aerodynamic force

The paper written by Wang Xianxin of the 6th Institute of the
Aerodynamic Center entitled "A Method to Calculate the Supersonic
Nonsteady Aerodynamic Force and its Applicatioﬁ in Flutter Analysis"
provided a better way to calculate the supersonic nonsteady aero-
dynamic force and to analyze the flutter of alrcraft parts. This meth-
od was formed by combining the supersonic nonsteady plston theory and
the steady conical flow theory. It extended the mutual interaction
between points on the wing whilch were neglected by the piston theory
to the nonsteady condition using the conical flow theory. In that
paper, 330 flutter computations for 29 states in 10 wing examples with
four different planar shapes were conducted to verify and improve
this algorithm for the supersonic nonsteady aerodynamic force. 1In
this paper, the calculated results were compared to the wvind tunnel
experiment results and the calculated results were also compared to
the flutter analysis based on the piston theory. Results showed that
this method 1s sulted for supersonic flutter analysis. It has the

advantages of high accuracy, less computation time, easy steps
and simply complied program.

Correspondent of this
Journal

The test of usling a high energy laser to destroy guided missiles

After many years of preparation, the test of using on board
lasers to destroy gulded missiles was carried by the United States
on June 1, 1981. However, this test was not successful.

This experiment was carried out using the Air Force Airborne
Laboratory on the Boeing NKC-~135 aircraft. A U400 kw aerodynami: laser
was used. Thls laser was constructed by the United Technologies

Corporation. Hughes Alrcraft Company provided the precision light
beam aiming and target searching tracking device.
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The purpose of thls experiment is to destroy the infrared self
guldance flow regulating mask of the infrared sensor of the sidewlnd-
er misslle because this is the weakest part of the missile.

The U. S. Alr Force 1s currently checking for the causes of
fallure in order to determline the mode of fallure. Further experi-
ments will contlnue.

Fu Yushou

Based on AW ¢ ST« hats fau,
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